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the purpess of thic poblem was to determine by cheni« 


eal ansiyees some of the changes in the proteins, sarbe- 
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hydrates and fats that oetcur in the corm grain during its 
germination and to investigate the distribution of these 
organic materials in the seedling at different stages of 
its growth, Although considerable work hes been dae on the 
analysis of tue seeds and seedlings of the various cereals, 
there Las been but littie investigation of the chemical 
changes occurring during the germination of the corn g rain 
and our imowledge on this subject is very meager. 

m thet account it was considered advisable to inves- 
tigate this point witn tae hope of adding a little more 
definite inforsation te our mmowledge of thit lmportant 
erep plant. 

The work was widertaken at the suggestion of ir. KB, Cs 
Hiller of the fepartment of botany and Plant pathology and 
T aw indebted to hin for guidance and assistance in the exe 
periment. I wich also to thank i. H. A. Baymaker of the 
game department for his interest and advice in the formmila- 
tion end direction of my course of graduate study. 


LITERATURE RAVING 


Preteins. Probably more work has been done on the 
determinations and eharacterlstics of proteins than of _ 
carbohydrates and fats. Chittenden and Osberne (1) found 
that the maize kernel contains three globulins, one or more 


albumins, and an alcohol soluble proted®. ‘the globulin — 


odcained by extraction with tam per cont solution of sodium 
enloride was a miztave of tue or more dinsimiler <lovalins, 
@iffering frow ore another beth in composition and in ¢o- 
avalation polate, “hen separated, two of the ciovulins 
were a myosinelixe body and a vitellin-like body. ‘The 
nyosinelikxe sloovulin was eharacterised by containing sxaeut 
16.8 per cent nitrogen end 168 per cent of sulphur, It had 
@ coagulation point, in ten per Gent salt selution, of about 
9 degrees ©. Tne vitellin-like giebulin centeined about 
18.1 per cent nitrogen and 0.85 per cent sulphur. ‘the third 
globulin present was cheracterised oy extreme solubility in 
very dilute salt solutions, severating from such solutions 
ely Sy prolonged dialysis. An aqueous extract of corn 
moei, an Well as a sodium chloride extract, sontained, in 
addition to the glomuline, epoarently two albumineliice 
vodies, sore or iews seagulabie by seat, but unlike in ehen& 
sal composition. A certain a»ount of proteose waa detected, 
but was considered to be sainly @ prodact resulting fron 
the hydrelysie of come one or mere of tit gleoulins or albue 
nina, Zin, sclaudie in warm <ilute aloohel, but insoluble 
in weter, was found, 

@eborne (12) found tie following proteins aad their 
@aounte in sdiligrass per 100 grax of yellow corn weal; 
protecse, 66; maysin, 250; glooulin, 40; edestin, 106; sein, 


8,000; protein soluble tn. one per Sent potash, 3,150, The 
nitrogen in those proteine totaled 1.8800 grans. Undsesolved 
nitvegen amounted to 0.1645 grant, making @ total of 1.5466 
graxs per 100 grass of corn monk, ‘the ean por cent of 
nitrogen in the maine proteins as 16,057, In a further 
stady ef the corn kernel, Osborne (13) found « vory subd 
proportion of protein soluble im water or neutral saline 
solutions, a reietively Large amount seiuble in strong 
aleahel, and @ considerable quantity insoluble in ail nentre, 
selvente but soluble in wary dilute alimline aod acid seiu- 
tions, ¢ found 6,6 per cent of the kermel te be protein, 

Ropkine {4} found thet the srotein in the corsa kernel 
amounted to approxicately ll per cent, the fate to 4.65 
per cent, and the carbohydrates to 82,85 per cent, 

wiiler (@) used sanflower seeds and grew the seede in 
thereushly washed white quarts sand, Tne veesele contaln« 
ing the seedings were kept in a creenhouse at a teaperatere 
of 66 to 79° vy, after the seedlings reagned the top of the 
gand, they were allowed to grow in sunligt, bat special 
preeautions were taxen to exclude ell carbon dioxide so the — 
protecs of photesynthesia could not precesd, exeopt from the 
earbon dioxide Mberated by the plants in reeokration. 
@iller examined the secede ant five stages of seedlings up 
te thirteor days. 


Maring the first tures days, fiveesixths of the sugar 
Content of the sotyledens, oneeseventh of the efi, aid ale 
west ane-feurth of the proven had Glenppenved, The mest 
marred sianr® in the reserve prodeste ecourred between the 
fifth and tenth days, The protein reserve during the proge 
yeas of geraination wae bryken up apparently inte the ordl- 
and hypocotyls, vhere they were used in the formation of new 
calle, 

Le Clere and Sreageale (7), working with wheat seed. 
lings, found a gratiual desrease of nitrosen in the residual 
seed, Wite a gradual incrense in the seedling. at toe end 
of 12 days very little was left in the residual seed, but 
there was about #6 much im the akes ae the original exout 
in the seed, 

Thompaon (16) found an increase of amino nitrogen in 
fireteday seedlings of the Alaeke pea, He expiained thie as 
due, probably, to the decomposition of the proteins present 
im the original seed, Ho explained toe large increase in 
the percentage of awine nitrovon im tie eliaeday plent as 
provably due to tae rapia transfersations in tue seed, and 
te the requirene:ts to bukid up osterial im the Leaves of a 
nitrogeneas nature, Yhe total nitrogen remained fairly con« 
stent in the neteral icaves, as tne plaet became oider 
there Was @ deerease in the total and amino nitrogen. 


water, “hey found that as the total nitrogen of the aeed 
diminished ine cosbined total altrogen of reot ax? plume 
ineseaged, indicating transference of altrogencus satertel 
fron the cocd te these parti, ‘the sum total of alteagen ga 
the entirs seedling showed a Value utar that im the one 
aprouted kernel, amine acide vere found to ve prevent in 
tue flowing sap. 

dhoate (2) vede snalyees of Kerquis wheat, ungerninated, 
and germinated, for periede varying fron onewhalf to seven 
Gays, She reported the storage proteins of the endosperm 
to be broke cown dering germination, aad at te end of 
seven Gaye tae nearly exhausted reunent of the endesperm 
gave oly @ Shignt protein reaction, whe aleurone layer, 
however, wae still iatect and apparenthy unchanged, 

imteahaw and aiiler (6) found grein of wature corn 
plants, harvested waen tat grain was glesed, te contain 2.16 
por ent nitwogen, 

Toole (19) found 1.55 to 2.83 per cent of nitrogen in 
tae Water extract frou embryos of wature corn kermeis. He 
found the proteine of corn to widerge very early dissolution 
ov partial hydrolysis upon germination, 

Yocum (20) Sowd nitrogen to be translocated rapidly 
fu the threseday wheat seedling, efter which the percentage 


renuined constant in tae ames, the nitrogen content of the 
seed deeroased in proportion to the weignt the firet aine 
daya after vhie:. a more vapid loss ocourred, 

Jedidd (5) reports 46 per cent of tne protein of the 
oom seed converted into wateresoluble, diffusible nitrocen 
compounde during the first eigot daye of germination, 
dodgd, (6) deolated ani identified asperagin in etieiated 

bavideon (3) proved to his satisfaction tet wrest 
seedlings ¢itser lost ov gained nitrogen, dspending upon 
their age aad the canditions under whieh they were grown, 
He germinated que lot of seeds so that they did not touch 
eash otier and another im which they were im direct contact. 
Beth lots were grown floating on distilled water, Seven 
@daye from the time the seeds were set te gorainate, the 
nitrogen contest of the seedlings were about ten per cent 
greater than tie nitroxen content of the stock seed, he 
reperte ladieations tnat the gains in nitrogen were due 
chiefly to tie ebeerption of nitrogen leaned from the une 
gorminated seeds aface tue ungerubnated seeds lost more 
nitrogen than did tie seedlings, 

kewoom® (11) reports mo loss of altrogen during the 
very Garliest stages of growth of sunflower seedlings before 
the ¢proute were more than 1.4 centimetere long. A lose was 


@otained in all cases where the aproute were 4.5 Ga. or more 
ia length, tee lesa ef nitrogen ranging roe 5 te 29 per 
cent. With squash sesde and seedlings, a decrease ranging 
fron 6 te 25 per cent wae noted, ‘there was a slight in- 
erease in the nitrogen content im the seedlings of the 
poate 

Stavk (17), in experimenting with Midwest and Manchu 
varieties of seyscans, found no correlation to exist between 
protein nydroliysis and grosta esoept for very early periods, 
He also found respiratery intensity unrelated to slpha-auine 
nitrogen convent, 

Carvehydrates. iL© Glere and Broazeaie (7) Tound no 
reducing suger in the original seed of the wheat, bat re- 
ported 95 mg. of nonereducing sugar in 100 seeds, luring 
germination the formation of reduciag cugay im tne seed 
wee rapidly increased wp te tne sixth day, after which there 
was @ vepid falling off in « amounte of these sugars until 
at the end of the fifteenth day the residual seed contained 
wut a trace, Im the auee, txe reducing sugars increased up 
to about the ninth day, et which tive they contained about 
three tives as much of these sugere as the eriginal seed 
@i4@ of hydrolysable auger. Aftor thie peried there was « 
gradual deorvease in reducing augare in tees parte, 


Choate (2) found @ auall amount of suerose in tie endo~ 
in the exm=ryo after 18 hours in the cormeinetor. 

Teele (29) detected ne reducing sugers in the exbrye 
of the dry grain of wheat, but some suerepe, fhe presence 
of redusing sugar was detected about 20 hours after géins 
were placed in tue germinator aad im tne later stages of 
geraination it ranged in amount from 4,6 per cent to 16.8 
per cent, In the exbeye sucrose wae prevent. in comparae 
tively onall and conetent asnounte during goraination. 
According to tee work of Youur (2) the small amount of 
sugars normally found in the wheat kermel inereaged rapidly 
im the seed during the first six days of germination, daring 
whieh tice nearly three-fourths of tue starch nad been used, 
after eix dsys the eeount of sugar decreased, While there 
ig a supply of starch in the seed, tne sugarea are transloca« 
ted to tie plumules and roots more repidiy than they ean be 
used, 

Pats. According to tiller (8), the of] in emflowe 
seedlings is broken down, purtly, at least, to free fatty 
geide and glycerine, the marked inorease noted in tac 
auount of sugar during toe develepment of the seedling has 
ite origin in tue oily reserve and the suger thas produced 
is the material used by the plant for the formation of new 
eoll walls in the growing parte, Lider (10) reverts only 
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5.3 per cont of tue oviginal Oily reserve reneining in the 
gotyledons at the end of RS Gaye, Rie resuits sowed a 
gradual but well defined breaking cown of the ofly material 
during tue eavly stages .of geraknation. 

ue Ghee and breaseale (7) found in weest secdlings 
that 69 to 6Y per cent of the original erade fat of tie 
seed venained at the end of 12 days of geruination, uring 
this sane period the exes, with an aigingl fat content of 
SO to 36 pep per cont, hal increased the snout from 70 to 
10S per cont, 

cetine (une tdind Shhh take tania tee edie 
of tae corn kernel amounted to 40 por cent of the dry weight 
of the enbryo, This anount slowly and gradually deorensed 

Yooum (20) states: “luriag tee early etages of tae 
germination of the whest seedling, tao ether extract dis 
appears fran tee seed more slowly than toe carbohydrates 
oF nitrogen, and accumulates in tie plusules and roots more 
slowly than any otsux food material investigated," 

Maime (15) conclades toat all the fat etered in the 
@ily seed is first converted tw sugars before bolng 
treusported. He found ne evidence to subsiastiate the 
igees of fat movenent im plants as fat. 
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RAPSRIARTAL BUMHOLS 


kay corn of toe Pride of Saline variety, grom near 
daunattian, Kansas, wae selected for the experinent, After 
discarding tae tip and butt kernels because of their ir~ 
reguiarity in sive, a unifors sample of the shelled grain 
was obtained by hand seieotion, the susil, oversized, or 
injured seed being renoved. in order te elinknate as much 
Os peustbic the greth of waits, ‘me seeds were treated by 
inmereion for s¢verai winuies in & solutien composed of onte 
third ounce of Jemenen in m gallon of water, After the 
sede wore removed from tne solution, they were thoroughly 
Wineed with water to remove toc Semaqcan aod thus reduce toe 
@ windwaa any infiuence toat this cnemical mignt cave upon 
the metatolies of tae seedling. 

Af ver thie treatuent tre seocds were placed in veg doil 
geruiueters gad the delle were saturated with water, these 
eeile Were ten placed upon culiad.e supports ia metal tone 
galion cons. Seater wee placed im the bottem of the cane to 
@ depth of 8 insnes, after which they were covered with 
their lide, curing the gerednmation periods the dolls were 
suturated withwater every second oy third day te insure a 


eutfieient supply of water for germination and growth. ‘the 
eans containing the germinatore were the: sleaced in the 
groemouse at a tenperature of 20 to 30° c, 

Seedlings wore seiected for examination at the end of 
®, 10 and 14 days, Whe G-day seedlings were germinated fron 
Devruary 11 to 10, the IO-day seediings from Nerch 14 to @4, 
and the lé-day set fren February 24 to waves 10, 193]. 
Upon thaely pesoval from the gerulnetors omly theee seediings 
that were of tae average eige and free from moida were so« 
Lected for the experiment, ‘he plumuies, roots, and meso- 
eotyls Were each carefully reseved and piaced in separate 
ete, this seterial was then placed im tue drying own at 
100° 6, after 24 hours it was vemoved and ground in 6 
worter Until it would pase through a @O-mesh sieve, ‘The 
material was then retumed to the owe: at 100° for a 24-hour 
period, efter wale: 4t wae bottied and stored in a desicca- 
tor until tise te be ueed, 


imal ytieal Netheds 


he analytical sethods used were the xetheds outlined 
in the “officiel Sethods of dnaiyeis of the Association of 
Official agricultural chesiets,“ 

Sitwogen. Tae officiel {jeldekl wethed wes weed for 
the altvogen determination. one~grem samples in triplicate 
of endosperm, pluuule, and root wateriais were taken while 


city sun-tesht gran ‘nin Uh lieanehte ait exmleneps oni 
sbeyo materials wore used, Each sample was placed in a 
KJeidant flask along with @ suall piece of copper wire, and 
one teaspoonful of potasetun sulphate, Thirty oubic conti- 
meters of condoutpated sulghurie acid were then carefully 
added, unen Sheek was then Rested over @ flame, slowly at 
fivet, end then with heat dneronsed gradually until 
half hour after the Liquid became clear, It was then ssoled 
end 300 cable omtineters of tap water, a fow drops of 
phenelphthalein, @ pinch of granulated gine and fifty cubie 
centimeters of 46 per cent sodiwa aydvoulde were added, 
about 200 oo. fron eaten fissk wore then distilied over 
late titration flasks inte which bed been placed 25 ec. af 
i/S. sulphurie sold, 50 eo, of distilled water, and a few 
reps of methyl ved, The excess acid was then determined 
by titration wits W/10 sodium hydroxide, and the aseunt of 
nitrogen determined, — . . 

Sager Solution. ‘iwenty grave each of plumule, reot and 
Gadoeperm material enc 2) gu. of sesesetyl aud eabryo ma« 
terial were woigsed out and traneferred to 506 oo. volue 
metric flaske., About 3 gm of calelum carbonate were added 
to @ach Piask in order to neutralise any acid that signt 
be present, two hundred fifty co, of SO per cent alcohel 
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were then added and the contents shaken thoroughly. ‘the 
flasks were than put on steam baths ani heated for one hour, 
the less of the Liquid being prevented by a suall funnel 
placed in the neck of each flaske The material wae cooled 
over night and 95 per cont aleonol was added, making it up 
to the aark, after shaking therougily; 1t was then allowed 
to settle, after which 840 os. of toe clear solution were 
pipetted off, traneferred to deakera and evaporated dom to 
100 es, ‘tiese samplee were then transferred te 260 oc, 
volumetric flasks and safficient saterated neutrel Lead 
acetate solution was added to precipitate tae proteins and 
tenuine, after standing 16 minates, the contents of the 
flasks were diluted to te wark with water, mixed thoroughly, 
an@ filtered through dry Milter paper. Saffictent sodiun 
carconate was then added to tio flitvate to precipitate the 
exeess lead, after which 4¢ wae again filtered, the nal 
filtrate then vas placed in stoppered containers until its 
Sagar vontent could be determined, 

Redating agers, Twonty-five ea, portions each of 
Copper sulphate and tartrate solutions were pipetted to « 
400 29, beaker. twenty-five ce, of the suger solution and 
25 06. of water were transferred to this beaker, which wae 
thea covered with a waten glass, ‘the beaker was heated on 
gause over @ Sunsen Oumner, regulated so as to bring the 
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selution te a voll in four minutes, after which the boiling 
was continued for two minutes, 

the solution was filtered at ones through an asbestos 
mat in a welgned Gooch erueible, using suction, ‘ne precipi- 
tate was washed with water at 60° ¢,, then with 10 cc. of 
W5 per cent aleohel, and than 10 ec. of ether, The crucible 
was then placed in the oven and dried for $0 minates at 90%, 


She Gracibies were agnin weigied and te suger calculated 
ae deziucese from tie weignt of the cuprous oxide precipi« 


hydrechleris acid were tien added and inversion allowed to 
proseed on the water bath for fifteen minates, the solution 
was then neutralized with sodiun carbonate solution, and 
diluted te the mark, Twenty-five ¢c. portions were then 
taken for the determination of the reduchag sugars prevent 
by moans of Feniing's solution. 

Starch. Five grane of the dry material wore placed in 
@ beaker with 100 ce. cold water and stirred at frequent 
intervais for one hour. The contents of the Deaker wore 
then transferred to a fliter ant washed with 240 oc, of scald 
Gietilied water, {se ineciuble revidae was then heated tee 
and one-half hours with G50 ec. of Gletiiled water and 20 ce. 


av 


ef dilute hydrecniorie a¢id in a fimek provided with @ roflux 
condenser, “n¢ solution wae then eooled and nearly neutral<- 
ised with sodium hydroxide and the velume completed to 250 
eo, it wae then filtered ant 85 06, portions were used for 
detorminatian of reducing sugars, 

crude Pate. ‘woegram samples were taken in duplicate, 
extracted with etner for 16 hours, and the fat residue dried 
for one hour in the oven at 90° 6,, coaled and waigned, 


RAPARTMROTAL DATA ARL DESCUSSION 


"ne pesulte of these experlwents are shown gravhically 
and im tables on tue following paces. 

The susber and lengths of roote and length of plumales 
for the three stages are shown in Table I, ‘There wae an 
average of five roots to ech piant in seen stage of growth, 
Im @ath stage the average secondary rect length was about 
65 per cent of toe primary root length. In stage I the 
plants bed an average gluwnle leagth of 6) inches; tat of 
Stage if wae 9% inches, ani that of stage IfI was @ finches, 
it Will thas be noticed that the Length of the plumes of 
the lO-day eeedlinge ie greater than thet of the léeday 
plente, while the root length of the lO«day plants is leas 
than that of the G-day ones, This may have been due to the 
fact that the lO-day etage hed bean watered sare frequently 
than @ither of tne other two stages, 


Galy 56.63 per cont of the original Gry matter of the 
endesperm reagined after 14 days of goraination. At that 
tiwe the total dry weigut of all parte was but 66,358 por 
gent of the original dry weight of the whole grain, over a 
third of the original awount of dry matter had been used up 
in respiration, ‘his ie shown in Yeble Ii end graphically 
in Figure i, 


xoot : : @7O056 « BeB76O : 4.5456 


Plumule : : & 0566 : & 8758 : & 7702 
Mesocotyl F + O-58606 : O.5074 + 0,540 
Raber § ATED eriinnsionmnen? vcpanmawinnea 

totel + B5.3066 : 30,2008 +: 26,0806 +; 21,7772 


fable Iil shows the inerease or decrease in dry 
weignt per 100 of the various plant parts. The endosperm 
leses weight steadily in each sucessaive stage. The weight 
of tne reote of 100 plente of stage TI was less than thet 
of 100 plants of stage I, ami only about helf that of stage 
TIT, While the weight of the plumules of 100 plante of 
atage £1 wae slightly greater than tet of stage IIL and 
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about 20 per cent greater than that of stage I. the 
weignts of the ~eeocotyl® of 100 plants of each atage did 
not vary to any aaried degrao, Yigure 1 also shows the 
grace of dry matter per 190 planta in enc stage of growtie 
the total nitrogen content of 160 plaste was a little 
Less et cach cuecessive atage. There Was a two per cent 
less after eight days in toe germinator. Yer the 1O-day 
etage there wes a six per cent loes of the original anount, 
while after i4 daya tue loss amounted to 9.5 per cent, oF 
66 milligvans of an original total of 694 miliigress, ‘This 
te contrary to reenite usually found by investi eters for 
eeeds rich in serbohydrates. A peestble explanation might 
be found in the leathing out of the nitrazen by the water 
used in keeping the germingtors eofat, “hen the dolle 
were wolstened, water wae allowed to flow freely over and 
through thes ant4l they Were well soared, The excess 
water was allowed to drain off ae waste, t would be ine 
teresting if an enalysio had been cade of the water before 
and after ite wee on the rag dolle, At the end of the 
lé-Gay perfed there was nearly five grane of atarch left 
im the 100 residual seede (fables Iii and ¥ ), so it te 
quite unifkely teat tae protein wee ueed in respiration 
to seek an extect as to account for the lose. A etedy of 
table IV indicates the greatest loses of nitrogen of the 
endospers from stage Il seedlings, the ones that received 
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in the roots and plumles at this stase was not materially 
less in proportion to dry weight than would be expected, — 
aecording te the amounts seeured an stages I and iI. 
Yigure @ shows a lower percentage of nitrogen in the reo 
in @ach guecessive stage, The save ie true of the meso~ 
eotyl, The percentage of nitrogen in the plusule ine 
creased, althoagh, 8 shown in Table IV, the largest 
angant of nitroge: per 100 plant planules eas fowd in the 
iO-day stace, early 74 per cont of the nitreces of the 
eriginal gced has been treislocated te tae mots and 
Plusules at the end of 14 days, ‘th« earlier seedlings hed 
& greater per cent of nitreren in the reete and tepe than 
the later seedlings, 

The total lose of nitrogen frem the seedlings in 
@ient Gays was 14,42 milligrams; in ten dye 1+ was 48,73 
willigrmss, and in 14 days Lt was 65,96 mil ltcrans, 

The perotntage of nitrecen in tee whole dry corn was 
2.08-08 protein content ef avproxmimatelr 15 per cont, 


7 in te nitrogen content of the dey 


vorcentape 
Madesperme >: %AeBB 2s UseBS © Anh + Teh 
Hoo $ s SSS + GeO 2 Selb 
Plumuise 3 s G2 « GBS + Geld 
Wesocotyie = : > @966 + @4 : 48 
Enbryoe > B07 : a 3 


wel Ligreame im 100 seoda and geediinee 
@mdesperme 9  : S60.6 : B8i,k +: 236.8 +: 166.5 


et. FY > O87 <« Web : 143.8 
plumes ry : 265.0 : S12,5 : 807.5 
Seeocotyie 8 : + @6,h +s 82.8 #: &1,9 


She percentage and amount of starch wore computed on 
the basis of degiucose, the reserve of starch in the 
endosperm: Usirapidly depleted during the 14 days, less 
than 19 per sent of the originel ascunt rewaining, ‘the 
depletion Wa: especially rapid betwoon the eighth and tenth 
days, ese than eight per cent of the original asount of — 
Stare was found ae ouch in the roote and plumules. thew 
ViG\@ greater percentage of starch in the roote than in the 
plumles; about 24 per cont of the dry weight of the roots 
and 16-24 per cent of the Gry matter of the plumales was 
starch, The exdryes and mesocotyls were act tested for 
starch because of such @ auall quantity ef eaterial ia 
these parts. 


xoote 3 : Bael4 + 25,06 : 25,68 

‘immiles 8 + 826e66 + (648 +: 16,34 
Wiiligrane per 100 seeds or plant parte 

tadoeperms = : 88,801.0: 17,015,.6 : 6,680.9 . 6,244.7 


Roots ‘ ¢ GSR66 2 S24.8 : 1,164.6 
Piumales =: t_LsWATe + ApROQ0T 3 2,06607 


Total + 26,501.1; 19,516.08 : 10,5155.4 : 7,456.0 


Table Vi shows the resulte of the sugar teeta, The 
total eugare for 100 seedlings of stage I were more than 
doable teat of the dry seed, Por ouch suceseding etece 
the amount wae about tee sare ap for stage I. ‘this ine 
evease over the dry seed le accounted for by hydrolysis & 
tie Starch. The endespern showed an ineresee in the pore 
e@itage of sugare for each successive stage, but the actual 
@sount in tae residual endospern ws much smaller with each 
succeeding stage, the reserve food of the endosperm de 
vaplaly depleted as new eelis are forved in the plumule 


and roots and energy is péleased in this activity. The 
mesecotyis and plusales showed the largest increase in 
poreontage and aetwel @uount of sugars (Pig. 4). the 
raots were the only parts that showed a decrease in pare 
eentace of sugars for the tures stages, the percentace here 
ranging from 4.4 to 1,314 The totel ssount of sugars por 
100 plants decreased 73,7 wiliigraws between the eisgith 
and tenth days, but increased again sligutly by the four- 
teenth cay. 

Ho reducing suger was found in the exbrye and very 
Litsle im the endeepem of the dry seed {tenle TW}. The 
exbryo had considerable non-reducing sager, 343,35 mg, per 
100 eubryos. Galy 107.7 wg. Wee present in 100 endosporme, 
The Geday eondowpem had 162.6 mg., tae lO-day had 115.8, 
and the Lé-day had 271s4 mg, “here wae @ Large increase 
in the aneunt of reduciog sucar in tae endosperm during 
germination. fren 41.7 mg. pw 106, it increased to 778.8 
tte in the G-day endospers, wo 700.6 im the 1O-day endo« 
epern, and then ceoreased to 400.8 me. im the lénday 
SHUG APO Mie 

he waots showed « deereneed amount of both sagare 
in the lO-day stage, @& compared to the G-Gay plants and 
@ Giightiy increased amount in tow Ideday stage, the 
Plewles showed an increased ancunt in successive stages 


Tags dik hah cha a a RP se 


for reducing sugere, dvelng 68, BS, and 44 wg, par 100 
fow the @, 10 aud id-day plente pespectively. 

Te gonewal tue tetal non-reducing sugars of the atire 
plant showed @ vapid falling off to the tent day and tnen 
& soserate ineregse, the total seducing ougars of we 
wutire plant inoressed markedly for the fivet stage, going 
fvom le? mi. por 100 seeds te V11s6 mg. por 100 plants 
@ight days in the goruinatora, Yor tue Lo-day stage there 
weve 95,4 mag. and 018,56 for the ldeday stage, 

Only @eail auounte of non-reiacing sugars were found 
in the varieue parts of the geediings at tue di ferent 
stages, ‘hus only 0.55 por cont of the ey endospensn wae 
now-reducing sugar, About 0.45 per cent of the Seday 
endosperm, 0,7. per cent of tie 1O-day endosperm, and 1.87 
per cent of the id-dey endespem were nonereducing sugars, 
Hon-reducing sagera mace up 8,05 per cent of the 6-day 
soote, Sut only 0.55 and 0.46 por cont, respectively, of 
the 10-day and iéday roots. ‘he plussies contained 
0.46 per cent to 1,17 per cunt non-reducing augers, 
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Gable VIE and Pigure @ show rather uniform values for 
the pereentage of ether extract fn tue residuel seeds, the 
roots and too plumulee of the three stages, The percentage 
of ether extract in the sesocotyl was bigner, being 5.86, 
9.85, and 6.97 per cont, respectively, for the three stagems 
The percentage of otner extract ef the whole seed was 4,13, 
nearly 70 per gent of it in the eabryo, ‘the enbryo yielded 
$0.69 per cent of ite dry welgnt ae ether extract, only 
oue per Gent of the dry weignt of the endosperm wae ether 

One hundred endospore Lest about 100 millizrans ef 
ether extract for oath auceessive stage, accounted for by 
teansformation, tranclecation, and respiration, ome hundred 
plumaies had 117.6, 195.6, and 217.0 milligrams of ether 
extract for respective stages of develoeoment, 

There were 1587.1 miiligrvane of etser extract in 100 
dey kerntis of torn. At the Geday stase there ware 820.5 
milligramm; @t the lOeday stage tuere were 831.9 mee; and 
at the ldeday stage 790.8 mg, ether extract, a totel loss 
im 14 days of 45 par cent, 


CPT 


Endseporms ; 1.00 : 


S07 +: S25 +: 580 
Roots & t @@O ; 28.53 +; 2.68 
Plusules ee ae ee 
esocotyia =: ee 
Raeryos : 30,68 ; | ‘ 


killigrass por 100 seeds or plant parts 
Endesperme =; 807.5 : 6316 + S5Y +: 684.7 


Rootes 3 * @.5 +: Ge + Feb 
Plwsal es 3 + 117.0 +: 2086 +: 217.0 
@esecetyie 8 : + 8080 +: GO «+ 36.8 
tbryes + 1080.6: NESE. Si ane ES 


SUMAANY 
The purpose of the problem was to find out by ehenteal 
ansiyses sone of the organic cianges that take place in the 


corn kernel, fea mays, during gereination, ant te fine the 


anounts of the omanie materiais in the seedlings at dif. 
ferent stages, compared with the original amounts in the 
kernel, 


i) Eris ts 


Pride of Saline coma, shelled by hand fron tnivty 
selected ears, wae carefully graded ant sorted vefore uses 
te seed was treated with @ comercial funcielide just prior 
to Aca use in the gerainaters, 

Rag 2uil gorminatars were used because of the ease of 
growing the seedings without sand, and beeause tne dolls 
Gould be placed in vesscle fron which Migit could be cane 
plétely eacladed, : 

suidbindn wai Ulin 40 tesen beeaiel Beaay, 19-day, 
and lé-day etages, The plumes, roots, sesosotyis, and 
residual eeeds of bealthy plants wore Geparated, dried, 
and analysed for nitrogen, earvobydrates, and fate, 

Only S6 per cent of tuo original dry matter in the 
endespeme reeained in the residual seeds after 14 days of 
germination. early 35 per cont of the original whole 
erein wae used op host throng: respiration in ié@ daya, 

She nitrogen Less anomted te 2, 6, and 0.5 per coat 
for stages I, IE, and Ii, respeetively. his lose was 
probably due to leaching by the water used in aclstening 
tee rag Colle. learly 75 per cont of the nitrogen of the 
erigin@l seed het been translocated te the peats and 
plumules at the end of 14 days, over half of the nitrosen 
of tae endespem was tranelocated te tae reote and pluwales 
@uring tae first eight days, while during the sane tive 


53 pes cant of the nitregen of the whole ayy kernel was 
translocated, oa 

The lé-day endosperm eonteized bat 19 por cont of ite 
ovigingl starch, ‘he atareh of the li-day roate and 
plumes wae about @ per gent of the starch of the orksinal 
seed, Loss than 27 por emt of the original starch sms 
found in the plant et the ad of 14 days, about 26 per omt 
of tne dry wolgnt of the roots and 16-24 por cent of the 
ary matter of the plumes wae etarchy — 

The total sugars of the seedling plants were mere than 


double that of the original seed, ‘te increase is aceountetd 


for by hydrolysis of starch ané fate, after the fleet 

stage, the reote showed « decrease in their sugar content, 
ho peducing sugar wae found in the enbrye and very little 
in the endespern of the dry seed. one hundred embryce con~ 
tained 348.5 og. of non-reducing sugars; 100 encesperme 

sontained 157.7 ms. of non-reducing sugers, ‘The etarch of 
tae @:desperm 13 hydrelysed teeter then the reducing eagars 
ave used up and 8 @ result non-reducing sugar as a tes 

porary storage product ie increased sumeehat in tee residu- 
al seeds, etuehug sugars ave lnereased frem 41.7 me. per 
200 original esdosperms to 778.8 mg. per 100 Seday residual 
seeds, and TH5.6 ay. por 100 10-day residual sseds, the 
reducing augara then decreased to 460.8 mg. pw 100 residual 


seeds at the lé-day stage. Total non-reducing sagare for 
the whele plant declined in anounts during germination, 
while tne reducing sugars inereased greatly to an early 
naxiwns, which was waintained until the 14-day period. 
only small amounts of nonereducing sugars were fomd in the 
various parts of the seedlings at the different stages, 
Rther extract was quite uniformly distributed in tie 
seedlings of the three stages. Fats were translocated more 
slowly then carbohydrates and proteins. One hundred ento- 
sperms lest about 100 me. of ethor extract for each suc- 


cessive stage. Increase in sugare was no dowbt qugmented 


by tne transformation of fat inte these compounds. ‘The 
percentage of ether extract of the dry seed was 4,13; 30.69 
per cent of the dry weight of the eubryoe and one per ceut 
of tne dry weight of the endosperm was ether extract. 
Porty-five per cent of the ether extract of the corn kernel 
Was used during i4 days in the germinators. 
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